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ABSTRACT 

Context. The evolution of the Milky Way bulge and its relationship with the other Galactic populations is still poorly understood. The 
bulge has been suggested to be either a merger-driven classical bulge or the product of a dynamical instability of the inner disk. 
Aims. To probe the star formation history, the initial mass function and stellar nucleosynthesis of the bulge, we performed an elemental 
abundance analysis of bulge red giant stars. We also completed an identical study of local thin disk, thick disk and halo giants to 
establish the chemical differences and similarities between the various populations. 

Methods. High-resolution infrared spectra of 19 bulge giants and 49 comparison giants in the solar neighborhood were acquired with 
Gemini/Phoenix. All stars have similar stellar parameters but cover a broad range in metallicity. A standard ID local thermodynamic 
equilibrium analysis yielded the abundances of C, N, O and Fe. A homogeneous and differential analysis of the bulge, halo, thin disk 
and thick disk stars ensured that systematic errors were minimized. 

Results. We confirm the well-established differences for [0/Fe] (at a given metallicity) between the local thin and thick disks. For 
the elements investigated, we find no chemical distinction between the bulge and the local thick disk, which is in contrast to previous 
studies relying on literature values for disk dwarf stars in the solar neighborhood. 

Conclusions. Our findings suggest that the bulge and local thick disk experienced similar, but not necessarily shared, chemical 
evolution histories. We argue that their formation timescales, star formation rates and initial mass functions were similar. 

Key words. Stars: abundances - Galaxy: abundances - Galaxy: bulge - Galaxy: disk - Galaxy: evolution 



1. Introduction has, however, ir nproved based on ob s ervations with 8-lOrn 

telescopes (e.g. 'Melendez et al.' '2003'; "Rich & Origlia' '2005t 

Despite its prominent role in the formation and evolution ZoccaH et al. 2006; Fulbright et al. 2006, 2007; Cunha & SmitQ 

of the Galaxy, the bulge is the least well-understood stellar 2006t iLecureur et alj 120071) . High-resolution multi-object and 

population in the Milky Way. Two main formation scenarios infrared (IR) spectrographs have also aided the cause, such that 

have been proposed to exp lain bulges of spiral galaxies (see the number of red giants in the bulge with detailed abundance 

iKormendv & Kennicutl !'2004, for a review). In classical bulges, information based on high-resolution spectroscopy now exceeds 

most stars are formed during an early phase of intensive star for- 100. 

mation following collapse of the proto-galaxy and subsequent i • » 4. »i. u j f 1 . / u 

, ,, , , , Of particular interest are the abundances of a-elements (such 

mergers, as predicted in a cold dark matter cosmology. Boxy j \ c c . n- v ■ j 

, , , , , , , , , . , , ... as O and Mg) as a function of metallicity, since they provide 

or peanut-shaped bulges develop through dynamical instability ■ 1 .c u . . c u- . j • 1 

, , ^ , rr; .c 1 ^ 1 • crucial information about the star formation history and initial 

of an already established inner disk. The nature of the Galactic ^ »■ IFF- — i — ii monL IrTTi . . i hrtm K / • c 

, , .,/ , „ ,, , , • , , mass function (ITinsIevllI980tlBaIIero et aI.II2007D . In regions of 

bulge IS still unknown since Its generally old and metal-rich stel- ., ^ ^ ^ . jf .1. 1 u 1 

, ° , • , ^ ti U/^o^ l I t^ 11 ■ 1 nr^/^^^, • rapid star formation rates - as expected for the Galactic bulge 

lar population (e.g. lZoccali et aI.II2006HFuIbright et aI.I I2006) is f. , . n- u j u f .u . u c 

^.^ ., — : — — — : — , ., . — ; ! . ,. - higher metallicities are reached before the contributions from 

consistent with a classical bulge while its boxy shape is indica- , t \ a . j • u 

.,, -' ^ thermonuclear supernovae (SNela) are reflected in the abun- 

tive of formation by dynamical instability. . ^- rp, , . u j u u 1 

■' ■' ■' dance ratios. The a-element abundances should then remain el- 

Compared to the other Galactic populations, our under- evated compared to those parts of the Galaxy experiencing a 
standing of the chemical properties of the bulge and its evo- more modest star formation rate. A tell-tale signature is there- 
lution with time is still sketchy due to the large distance and fore [a/Fe] > 0.0 at high metallicities ([Fe/H] » 0) as a result 
high visual extinctio n. Following pioneering work on 4 m- of nucleosynthesis in core collapse supernovae (SNe II). A con- 
class telescopes (e.g. iMc William & RichI 1 19941) . the situation elusion of most bulge studies is that indeed the a-elements seem 
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Fig. 1. Observed Phoenix spectra of selected bulge giants as well as thick (Arcturus = HD 124897) and thin (HD21 1075) disk stars. 



to be overabundant relative to both the thin and the thick disks 
in the solar neigh borhood, im plying a short formation ti mescale 
of the bulge (Fulb right et al. 2007; Le cureur et ani2007h . 

In this Letter we revisit the issue of the chemical differ- 
ences between the bulge and the thin/thick disks based on 
Gemini/Phoenix high-resolution IR spectra of 19 K giants in 
Baade's window as well as a sample of nearby thin and thick 
disk giants. The unique aspect of our study is that we conduct 
a homogeneous differential analysis of stars with similar stel- 
lar parameters to minimize systematic errors. The novel result 
of our careful analysis is that we find no significant abundance 
differences for the elements studied (C, N and O) between the 
bulge and the local thick-disk stars. 



2. Observations and abundance analysis 

High-resolution (R = AlhA^ 50, 000) IR spectra of 19 K giants 
in the Baade's window of the bulge were taken with the Phoenix 
spectrograph (Hinkle et al. 2003) on the 8 m Gemini-South tele- 
scope. The Phoenix spectr a of five of these bulg e giants were 
previously analyzed by iCunha & SmithI (l2006h Importantly, 
comparison K giants of the thin disk (24 stars), thick disk (21 
stars) and halo (4 stars) in the solar neighborhood were observed 
using the same instrument on Gemini-South as well as the 2.1m 
and 4m Kitt Peak telescopes. The stars were selected to cover 
the metallicity range -1.5 < [Fe/H] < H-0.5. The assignment 
of population memb ership to the comparison sample was based 
on UVW velocities (Bensb v et al.l l2004; Reddy et al.'2006). All 
IR spectra were obtained using the same instrumental setup cen- 
tered on 1.5555/im (Fig. [Til. 

We also acquired high-resolution (R - 60, 000) optical spec- 
tra to check the derived stellar parameters employing Fe i and 
Fen lines. The disk and halo stars were observed using the 
MIKE spectrograph on the Clay 6.5 m Magellan telescope and 
the 2dcoude spectrograph on the 2.7 m Harlan J. Smith tele- 
scope at McDonald Observatory. For the bulge stars, we rely on 
the equivalent widths measured by Fulbright et al. (2006, 2007) 
using the HIRES spectrograph on the Keck-I 10 m telescope. 
Our observations were acquired between September 1999 and 
October 2007. 

Both the optical and infrared spectra were reduced homo- 
geneo u sly with IR AF; we refer the reader to Mele ndez e t al. 
j2003h . lYong et al.1 (l2006l) and lMelendez & RamfrezI ( |2007|) for 
details on the data reduction of Phoenix, MIKE, and 2dcoude 



spectra, respectively. The signal-to-noise ratio (S/N) of the re- 
duced spectra ranges from S IN ~ 100 per spectral resolution 
element, for the IR spectra of the bulge giants, to several hun- 
dreds per pixel, for both the optical and IR spectra of the bright 
disk and halo K giants. 

Photometric temperatures were obtained using optical and 
infr ared colors and the in frared flux method Teff-scale of 
Ramirez & Melendez! (l2005b . Red dening for the bulge stars was 
estimated from extinction maps dStanekl ri996h while for the 
comparison samples both extinction maps and Nai D ISM ab- 
sorption lines were adopted (Melendez et al. 2006). The stellar 
surface gravi ties were derived from improved Hipparcos par- 
allaxes ( | Van Leeuwenll200Z) using bolometric corrections from 
lAlonso et al. (119991) for the relatively nearby disk and halo stars 
and assuming a distance of 8 kpc for the bulge giants. In addi- 
tion, Yonsei-Yale (JP emarque et al. 2004) and Padova isochrones 
dda Silva et al.ll20()6l) were employed to determine evolutionary 
gravities. Tests of the ionization and excitation balances of Fei 
and Fe ii lines revealed that the photometric stellar parameters 
of only six stars required significant adjustments; given the re- 
maining uncertainties in both the photometric and spectroscopic 
parameters the overall agreement for the remaining stars is en- 
couraging. The adopted stellar parameters are given in Table [T] 
We estimate that our stellar parameters have typical uncertain- 
ties of AFeff ~ +75 K, ^\ogg ~ +0.3 and Av, * 0.2 km s^', 
which translates into abundance errors for Fe, C, N and O of 
0.03, 0.11, 0.11 and 0.14dex, respectively, when the errors are 
added in quadrature; the errors in [X/Fe] are almost identical. As 
discussed below, these uncertainties are probably too conserva- 
tive; an uncertainty in [O/Fe] of O.lOdex was adopted. 

The Phoenix spectral window contains several useful lines 
for abundance purposes. The stellar C, N, O and Fe abundances 
were obtained from spectrum syn thesis of a num ber of CO, CN, 
OH and Fe i lines using MOOG (ISnedenlll973l) ; It IS important 
to be able to derive the C, N and O abundances consistently for 
each star given the interdependencies in the respective molecu- 
lar balance and corresponding line strengths. The same transition 
probabilities for the atoms and m olecules were applied to both 
the bulge and comparison samples dMelendez et alj2003h . In the 
present work, we employed both Kur ucz models with convec- 
tive overshooting (Castelli et al. '1997*) and specially calculated 
MARCS (Gustafssonet al. 2003) ID hydrostatic model atmo- 
spheres. For the MARCS models, both ff-enhanced ([a/Fe] = 
+0.2 and +0.4) and scaled-solar abundances models were con- 
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Fig. 2. The derived [O/Fe] ratios, as a function of [Fe/H], for 
the bulge (red triangles), thick disk (blue solid circles), thin disk 
(open green circles) and halo giants (stars). A typical error bar 
is shown. Note the similarities between the bulge and thick disk 
trends for [Fe/H] < -0.2. 



Fig. 3. The derived [C-nN/Fe] ratios as a function of [Fe/H] for 
the bulge (red triangles), thick disk (blue solid circles), thin disk 
(open green circles) and halo giants (stars). A typical error bar is 
shown. 



structed; for the Kurucz' models, adjustments of [Fe/H] were 
applied to simulate the effects of a-enhancement o n the model 
atmospheres: A[Fe/H] = log(0.64x IQl"/''"! +0.36) (SatoisitaD 
[1993). Our final results are based on the MARCS models with 
appropriate compositions. The effects of failing to account for 
the variations in [a/Fe] can be substantial: a difference of [c/Fe] 
= +0.2 in the model atmosphere corresponds to a change of w 
+0.1 dex in the derived [O/Fe]. Otherwise, the agreement be- 
tween MARCS and Kurucz models is very good: the mean dif- 
ferences for [Fe/H], [C/Fe], [N/Fe] and [O/Fe] between MARCS 
and Kurucz models are only +0.01, +0.01, +0.02 and +0.04 
dex, respectively. The corresponding solar abundances for the 
MARCS suite of models are logec - 8.42, logeN - 7.82, 
log eo - 8.7 2 and log epe - 7.48, s imilar to the 3D-based values 
provided by lAsplund et al.l (l2005l) . For the bulg e stars in com- 
mon, t he differences in [O/Fe] between us and iFulbright et akl 
(120071) is +0.03 + 0.13 dex. 

While no predictions of 3D hydrodynamical mo dels are 
available for precisely our parameter space of interest ( Asplundl 
l2005h . we note that, according to simulations of slightly less 
evolved red giants, the 3D abundance corrections for the species 
considered herein are expected to be modest: |Alog e| $ 0.1 dex 
at [Fe/H] > 0, although slightly larger at the lowest metallicities 
of our targets (ICoUet et al.l 20071) . Given the similarity in param- 
eters between the bulge and disk giants, the relative abundance 
ratio differences will be significantly smaller. 



3. Results 

Our results in terms of [O/Fe] are shown in Fig.|2] One concern 
is whether CNO-cycled material has been dredged-up to the sur- 
face in our giants. It is clear that many of the stars' atmospheres 
contain CN-cycled gas. As demonstrated in Fig.|3] however, the 
[C+N/Fe] ratio remains roughly constant at solar values as a 
function of metallicity for both the bulge and disk giants, which 
implies that intrinsic CNO-cycled rest-products have not been 
brought up to the surface. We therefore believe that the mea- 
sured O abundances are indeed a proper reflectio n of the pristine 
conten ts the stars were born with. We note that iFulbright et all 
(l2007h argued that the two 0-deficient stars (1-264 and IV-203) 



at [Fe/H] - 1 .2 have experienced envelope H-burning reminis- 
cent of that believed to be responsible for the O-Na correlations 
in globular clusters based on the stars' high Na and Al abun- 
dances. It is then surprising that their [C+N/Fe] ratios are normal 
or only marginally higher as O-depletion in globular cluster stars 
is associated with i ncreased [N/Fe] ratios due to CNO-cycling 
jGratton et al.ll2004 , and references therein). In any case, we be- 
lieve that the O abundances of these two stars do not reflect the 
typical bulge composition. 

In a greement with previous findings jZoccali et alj 120061 : 
Fulbrightetal] 120071: iLecureur et all |2007D, the bulge [O/Fe] 
trend goes from typical halo values to roughly solar or below 
at [Fe/H] > 0. The break in [O/Fe] at [Fe/H] ^ -0.3 implies 
that both SNe II and SNe la have contributed and therefore that 
the formation of the bulge proceeded over several lOOMyr. The 
plateau in [O/Fe] for the bulge extends to higher metallicities 
than for the thin disk, implying a higher star formation rate. 
Furthermore, we confirm the by now well-established chemical 
distinctions of the Galactic thin and thick disks locally, in the 
sense that for a given [Fe/H] the latter is more over-abundant 
in a-elements (Bensby etjl. 2004; Reddy et al. 2006). We also 
seem to detect a similar knee in [O/Fe] for the local thick disk 
as advocated by iBensbv et al.l (12004)) . although this is based on 
only a handful of stars. The existence of this SNe la signatu re has 
been questioned by other studies of thick-disk stars ( Reddv et al.l 
i2006; Ramirez et al. 2007). The interpretation largely hinges on 
whether or not the kinematically selected local thick-disk stars at 
[Fe/H] ^ -0.2 truly belong to this population or are just part of 
the high-velocity tail of the thin disk. As also seen from the four 
such thick-disk stars included in our sample, there is no chemical 
differentiation at these metallicities between the thin and thick 
disk, if indeed the thick disk extends to these high [Fe/H]. Our 
limited number of thick-disk stars is insufficient to draw firm 
conclusions to these questions. Likewise, the four thin-disk stars 
with [Fe/H] < -0.5 may belong to the thick disk since our clas- 
sification assumes a metallicity-indepen dent thick/thin disk stel- 
lar fraction of 10% dBensbv et alj|2004l) . 

The most surprising inference of our study comes from 
a comparison of our bulge and local thi ck-disk samp l es. In 
contrast to previous works on the topic dZoccali et al.l 120061 : 
IFulbright et ai]|2007l:lLec"ureur et alj|2007h . we find that the two 



4 



Melendez et al.: Chemical similarities between the Galactic bulge and thick disk 



populations are indistinguishable in their abundance patterns for 
the elements considered (C, N and O) up to [Fe/H] = -0.2, 
i.e. to the metallicity range where the thick disk is unambigu- 
ously identified. A linear fit to the bulge data is [O/Fe] - 
0.41 - 0.02 X [Fe/H] while for the thick disk it is [O/Fe] = 
0.39 - 0.01 X [Fe/H], both with a scatter of cr = 0.09 dex; 
the mean difference between the bulge fit and the thick disk 
data is 0.03 + 0.09 dex. The comparison implies that the real 
abundance errors probably do not exceed 0.10 dex rather than 
the higher estimates given in Sect. |2] The metallicity of the 
bulge extends to significantly higher [Fe/H] than that, which, 
as explained above, remains to be convincingly demonstrated 
for the thick disk. Rather than having had a significantly higher 
star formation rate as normally argued, the conclusion is thus 
that the bulge did not differ noticeably from the local thick 
disk in this respect. Furthermore, our observations suggest that 
the initial mass function for the two populations were similar 
The nearly identical [O/Fe] trends do not necessarily imply a 
causal relationship between the bulge and local thick disk. Such 
a rel ationship has been proposed for other spiral galaxies (e.g. 
Ivan d er Kruit & Searle 1981) and remains an intriguing possi- 
bility based on our observations. 

In the classical bulge scenario one does not expect any direct 
relationship between the bulge and either of the disk populations. 
Since the thin disk had a long formation timescale and experi- 
enced a smaller star formation rate, it is unsurprising that [O/Fe] 
differs between the solar neighborhood thin disk and the bulge. 
If both the bulge and the thick disk formed on short timescales as 
well as had similar initial mass function and star formation histo- 
ries, the abundance pattern would be similar even if the two pop- 
ulations lack a physical connection. In the disk instability for- 
mation model for the Galactic bulge, the bulge stellar population 
consists largely of stars from the inner disk that have been heated 
dynamically through the instabilities associated with bar forma- 
tion and buckling. According to N-body simulations, the bar and 
consequently the bulge appears only after a few Gyr, when the 
thick disk was alr eady in place accord ing to the observed stellar 
ages of > 9 Gyr i Bensbv et al.ll2007l) . However, it is important 
to distinguish between the ages of the stars and the ages of the 
structures that they inhabit. The stars of the bulge and thick disk 
appear to be very old. If the bulge and thick disk both formed 
dynamically (e.g. via instabilities or minor merger heating of the 
early thin disk), then the bulge and thick-disk stars may well be 
significantly older than the bulge and thick-disk structures, and 
the bulge-thick disk similarities which we have uncovered would 
then not be surprising. The differences between the bulge and 
our thin-disk stars do not support a causal link between the two, 
but may simply reflect the Galactic radii probed. It is not known 
empirically how [O/Fe] varies in the inner thin disk but models 
constructed to reproduce the Galactic abundance gradient imply 
that [O/Fe] at a Galactocentric radius of 4kpc i s only ^ 0.02 dex 
higher than at the solar location of 8kpc (Chia ppini et al.ll2b00t 
ICescutti et al. ''2007). This suggests that there should be a signif- 
icant difference in [O/Fe] between the bulge and the thin disk in 
the transition region in the inner parts of the Galaxy. It remains 
to be seen whether this conclusion holds also observationally. 

We conclude the discussion by briefly arguing why our de- 
tected similarities and differences between the populations are 
robust findings. Since we are primarily interested in studying 
the relative differences between our bulge, disk and halo sam- 
ples, the zero-points adopted for our stellar parameters does not 
matter much, since all stars, regardless of population, have com- 
parable properties determined similarly. Furthermore, both bulge 
and comparison samples were analysed using the same set of 



lines. We believe that not ad hering to these principles is the main 
reason previous studies (e.g. lZoccali et al.ll2006l:lFulbright et al.l 
2007; Lecureur et al. 2007) reached different conclusions, by 
misleadingly comparing their bulge giant results with literature 
values for main sequence and turn-off disk stars in the solar 
neighborhood (Bensby et al. 2005; Reddy et al. 2006). Even the 
particular choice of solar abundances for the normalization of 
the stellar results in different works can introduce errors as large 
as the purported abundance differences between the various stel- 
lar populations. We circumvent these problems here by adopting 
a differential analysis of the bulge and disk giants. 

4. Concluding remarks 

Three obvious follow-up investigations to the present study are 
urgently needed. The first is to obtain larger samples of bulge 
and thick-disk giants, especially in the critical metallicity range 
-0.5 < [Fe/H] < -hO.O, to confirm that our conclusions re- 
garding the chemical similarities remain unaltered. Secondly, the 
analysis should be extended to a determination of additional el- 
ement s; he re Mg is particularly desirable, since iFulbright et aTl 
(l2007h and lLecureur et al.l (l2007h argue that it shows pronounced 
differences of about 0.2 dex between the bulge giants and lo- 
cal thick-disk dwarfs. Finally, one needs to have a comparison 
sample from the inner disk analysed in a homogeneous way. Do 
the chemical similarities between the bulge and the thick disk 
remain when moving from the solar neighborhood to the in- 
ner regions of the Galaxy? Is the Galactic abundance gradient 
sufficient to make the inner thin disk indistinguishable from the 
bulge? If so, it would argue in favor of a disk instability rather 
than a merger origin for the bulge. Until the launch of GAIA, 
it will be difficult to differentiate kinematically between the thin 
and thick disks at such large distances, but t he che mical signa- 
tures may be sufficient since iRamfrez et al. I (I2007h have shown 
that there is no intermediate disk population at [Fe/H] =s -0.3, 
locally. More work is clearly needed to establish the causal rela- 
tionships, if any, between the bulge and the thin and thick disks 
in the inner regions of the Galaxy. 
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Table 1. Stellar parameters and derived abundances 



Star 






[Fe/H] 


[C/Fe] 


[N/Fe] 


[0/Fe] 


Bulge: 














1012 


4237 


1.61 


-0.43 


0.05 


0.57 


0.42 


1025 


4370 


2.28 


0.50 


-0.27 


0.54 


-0.03 


1141 


4356 


1.93 


-0.21 


0.07 


0.49 


0.52 


1151 




1.73 


-0.80 


0.05 


0.31 


0.52 


1156 


4296 


1.60 


-0.70 


-0.04 


0.22 


0.40 


1158 


4426 


2.68 


-0.14 


0.12 


0.39 


0.22 


1194 


4183 


1.67 


-0.27 


-0.19 


0.42 


0.36 


1202 


4252 


2.07 


0.20 


-0.03 


0.53 


0.12 


1264 


4046 


0.68 


-1.16 


-0.33 


0.89 


-0.13 


1322 


4255 


1.90 


-0.05 


0.04 


0.41 


0.30 


II033 


4230 


1.37 


-0.75 


-0.37 


0.33 


0.39 


111152 


4143 


1.51 


-0.46 


0.08 


0.34 


0.41 


1V003 


4500 


1.85 


-1.22 


-0.17 


0.57 


0.50 


IV072 


4276 


2.13 


0.18 


-0.20 


0.32 


-0.13 


IV167 


4374 


2.44 


0.40 


-0.24 


0.39 


-0.10 


IV203 


3815 


0.35 


-1.29 


-0.58 


0.91 


0.08 


IV325 


4353 


2.35 


0.40 


-0.01 


0.48 


0.19 


IV329 


4153 


1.15 


-0.87 


-0.25 


0.30 


0.31 


BW96 


4050 


1.20 


0.05 


-0.08 


0.61 


0.20 


Halo: 














HD041667 


4581 


1.80 


-1.07 


-0.20 


0.23 


0.38 


HD078050 


4951 


2.54 


-0.93 


0.14 


-0.01 


0.24 


HDl 14095 


4794 


2.68 


-0.55 


0.11 


0.17 


0.54 


HD206642 


4372 


1.57 


-0.97 


-0.13 


0.25 


0.46 


Thick disk: 














HD008724 


4577 


1.49 


-1.69 


-0.40 


0.43 


0.31 


HD077236 


4427 


2.01 


-0.57 


0.04 


0.25 


0.57 


HD030608 


4620 


2.39 


-0.22 


-0.13 


0.40 


0.20 


HD107328 


4417 


2.01 


-0.30 


0.11 


0.28 


0.45 


HD023940 


4762 


2.61 


-0.32 


-0.08 


0.39 


0.30 


HD032440 


3941 


1.15 


-0.17 


-0.25 


0.29 


-0.01 


HD037763 


4630 


3.15 


0.33 


-0.07 


0.43 


0.00 


HD040409 


4746 


3.20 


0.10 


-0.07 


0.31 


-0.04 


HD077729 


4127 


1.48 


-0.43 


0.08 


0.27 


0.54 


HD080811 


4900 


3.28 


-0.37 


-0.05 


0.31 


0.40 


HD083212 


4480 


1.55 


-1.43 


-0.43 


0.33 


0.47 


HD099978 


4678 


2.07 


-1.00 


-0.03 


0.03 


0.34 


HD107773 


4891 


3.28 


-0.31 


-0.02 


0.32 


0.39 


HDl 19971 


4093 


1.36 


-0.61 


-0.06 


0.31 


0.38 


HDl 24897 


4280 


1.69 


-0.52 


0.15 


0.23 


0.45 


HD130952 


4742 


2.53 


-0.28 


-0.01 


0.28 


0.32 


HD136014 


4774 


2.52 


-0.40 


0.03 


0.27 


0.36 


HD145148 


4851 


3.67 


0.19 


-0.10 


0.28 


0.03 


HDl 80928 


4092 


1.48 


-0.42 


0.06 


0.24 


0.45 


HD203344 


4666 


2.53 


-0.16 


0.02 


0.50 


0.29 


HD219615 


4833 


2.51 


-0.46 


0.02 


0.29 


0.41 


Thin disk: 














HD000787 


4020 


1.36 


0.07 


-0.24 


0.33 


0.02 


HD005268 


4873 


2.54 


-0.47 


-0.04 


0.45 


0.30 


HD005457 


4631 


2.67 


0.03 


-0.19 


0.31 


0.00 


HD018884 


3731 


0.73 


0.02 


-0.33 


0.32 


0.02 


HD029139 


3891 


1.20 


-0.15 


-0.20 


0.30 


-0.03 


HD029503 


4616 


2.67 


0.11 


-0.22 


0.48 


0.05 


HD050778 


4034 


1.40 


-0.26 


-0.07 


0.31 


0.19 


HD099648 


4837 


2.24 


-0.02 


-0.23 


0.34 


0.01 


HDl 00920 


4788 


2.58 


-0.08 


-0.23 


0.32 


0.02 


HDl 15478 


4272 


2.00 


0.02 


-0.08 


0.27 


0.04 


HDl 16976 


4691 


2.49 


0.11 


-0.09 


0.31 


-0.06 


HD117818 


4802 


2.59 


-0.25 


-0.16 


0.50 


0.28 


HD128188 


4657 


2.03 


-1.35 


-0.12 


0.14 


0.35 


HDl 32345 


4400 


2.34 


0.29 


-0.12 


0.44 


-0.10 


HD 142948 


4820 


2.24 


-0.73 


-0.24 


0.39 


0.48 


HD171496 


4975 


2.40 


-0.58 


0.14 


0.22 


0.42 


HD172223 


4471 


2.46 


0.26 


-0.02 


0.36 


0.01 


HD175219 


4720 


2.44 


-0.32 


-0.20 


0.31 


0.06 


HD186378 


4566 


2.42 


0.16 


-0.09 


0.28 


-0.05 


HD187195 


4405 


2.36 


0.13 


-0.06 


0.36 


-0.06 


HD2 10295 


4738 


1.88 


-1.23 


-0.11 


0.06 


0.49 


HD2 11075 


4305 


1.76 


-0.33 


-0.01 


0.11 


0.14 



